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Supplemental infrared (IR) activation was applied to reduce background chemical noise and
increase analyte ion signal in a linear ion trap mass spectrometer. Peptides, proteins, and small
molecules were all introduced by electrospray ionization, and when regions of chemical noise
were isolated and subjected to IR irradiation, protonated analyte molecules were observed in
the product ion mass spectra. By isolating the entire mass range (e.g., m/z 400–2000) and then
irradiating all ions in the trap, supplemental IR activation increased the signal of singly
protonated peptides by almost 70% and by 40%–55% for the lower charge states of cytochrome
c. This increase in analyte ion signal was less dramatic for the higher charge states of peptides
and proteins. The chemical noise present in the mass spectra is attributed to incomplete
desolvation of the electrospray, as the abundance of the protonated peptides observed upon
supplemental IR activation of the chemical noise decreased with higher inlet capillary
temperatures. Collision activation was not as effective for desolvating the ions present in the
chemical noise. (J Am Soc Mass Spectrom 2009, 20, 2206–2210) © 2009 American Society for
Mass SpectrometryFor successful implementation of electrospray ion-ization (ESI), desolvation of the analyte ions isnecessary, and many methods have been devel-
oped to afford efficient desolvation, including the use of
drying gases [1–3], collisional activation [2, 3], and
heated inlet capillaries [4]. These techniques are applied
to not only aid in desolvation but also to reduce the
chemical noise in ESI mass spectra, which is typically
saturated with solvated ion clusters. Other methods
have been used to reduce the chemical noise that is due
to specific contaminants, including using heated shield
interfaces [5] and ion-molecule reactions to “filter”
selected ions of interest [6, 7]. To further eliminate
chemical noise due to solvent clusters in quadrupole ion
traps (QITs), broadband waveforms have been applied
to gently collisionally activate and dissociate these
solvated ions to convert them into free buffer-related
ions for subsequent resonance ejection [8]. The nature of
the chemical noise background in matrix-assisted laser
desorption/ionization (MALDI) has been investigated
in some detail and has also been determined to be in
part due to matrix and analyte-matrix clusters [9, 10]; in
fact, MALDI-TOF-TOF experiments on chemical noise
ions of m/z greater than that of the analyte ions yielded
free analyte ions due to decay and desolvation of
analyte-matrix clusters in the flight tube [10]. In ESI
mass spectra, background noise is often observed at
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cannot often be determined [11]. While using “soft” ESI
conditions (e.g., low inlet capillary temperatures and
small potential differences between the capillary and
skimmer) enhances the production of very stable hy-
drated peptide ions with upwards of 50 water adducts,
which have been extensively studied by the Williams
group [12, 13], in this work we are investigating chem-
ical noise in ESI mass spectra in which desolvating
conditions are employed. Here, we report on utilizing
supplemental IR activation in a linear ion trap mass
spectrometer to reduce the chemical noise background
observed in ESI mass spectra. Rather than focusing on
eliminating background ions of specific m/z, we have
applied IRMPD to activate ions of unresolved m/z
observed in noise regions of the ESI mass spectra. Upon
IR irradiation of noise regions, analyte ions of high
abundance are detected.
Experimental
Mass Spectrometry and Materials
All experiments were conducted on a modified LTQ XL
linear ion trap mass spectrometer (Thermo Fisher Sci-
entific, San Jose, CA) with the standard ESI source,
which is directed at an angle to the inlet heated capil-
lary. A ZnSe optical window was mounted to the back
plate of the vacuummanifold on axis with the linear ion
trap to transmit IR irradiation as previously described
[14]. Supplemental IR activation was performed with a
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(Mukilteo, WA), which emits radiation at 10.6 m. For
IR activation experiments, the irradiation time (0–50
ms) and power (25–50 W) was varied. Wide-range
isolation and IR activation experiments were conducted
by turning off the isolation waveform through the
diagnostics panel of the LTQTune v2.5.0 software. The
laser was triggered through the LTQTune software only
during the activation step in the scan function and not
during ion accumulation, ion cooling, or ion transmis-
sion. (It should be noted that the laser beam does
interact with all ions along the optical path from the
linear ion trap to the skimmer cone but the laser beam
does not pass through the inlet heated capillary, which
is off-axis from the skimmer cone.) The automatic gain
control was turned off for all experiments, and peak
areas calculations were performed in triplicate. All
samples were prepared at 10 M in 50:50:1 H2O/
MeOH/HOAc (vol/vol/vol), unless otherwise noted,
and infused at 3 L/min through a fused silica capillary
(194 m o.d., 98 m i.d.). The heated capillary temper-
ature was maintained at 180 °C unless otherwise noted.
The nitrogen sheath gas flow was set to 20 (arbitrary
units, corresponding to 0.3 L/min) and no auxiliary
gas flow was used. The peptides bradykinin (1059.5
Da), angiotensin I (1295.6 Da), fibrinopeptide A (1535.7
Da), the protein cytochrome c, and reserpine (608.3 Da)
were all obtained from Sigma-Aldrich (St. Louis, MO).
All solvents and other chemicals were from Fisher
Scientific (Fairlawn, NJ).
Results and Discussion
In a previous study in our lab, we employed infrared
multiphoton dissociation (IRMPD) to differentiate and
identify chromogenic cross-linked peptides from other
non-cross-linked products [14]. It was observed that the
abundances of some of the unmodified peptide cations
actually increased upon IR irradiation, particularly when
comparing peak areas in the wide-range isolation and
IRMPD mass spectra. In a second time-resolved IRMPD
study of peptides, it was also noted that ion abundances of
selected precursor ions increased upon exposure to short
irradiation times prior to observing ion dissociation upon
exposure to longer irradiation times [15]. These increases
in ion abundances upon IR irradiation were initially
attributed to fluctuations in the ion current between the
isolation and the IRMPD scans; however, as this phenom-
enonwas consistently observed, other possible reasons for
the increase in ion abundance were investigated.
For the present study, peptide samples were intro-
duced by ESI using typical parameters to promote
efficient ion desolvation; however, rather than isolating
and activating a specific peptide ion, noise regions
above the peptide ions or wide m/z ranges (including
the peptide ions) were subjected to IR irradiation.
Typical wide range isolation and supplemental IR acti-
vation mass spectra of bradykinin are shown in Figure
1a and b, respectively. The wide range isolation massspectrum is identical to the conventional ESI mass
spectrum of bradykinin (Figure 1a), and the range from
m/z 1000 to 1100 is amplified to showcase the abun-
dance of the protonated peptide. Upon 30 ms of sup-
plemental IR irradiation at 25 W, a significant increase
in the abundance of singly protonated bradykinin is
observed (Figure 1b). The peak area of [M  H]
increased by 68%  17% (2260 to 3800 counts),
while the abundance of doubly-charged bradykinin
increased by 3.8% 2.0% (232000 to241000 counts).
The total ion current (TIC) in the IR activation mass
spectra was on average 4.5%  1.2% (550,000 to
575,000 counts) greater than that measured in the
wide range isolation mass spectra. These increases in
peptide ion abundances parallel the decrease in the
chemical noise, which is presumed to consist primarily
of loosely bound solvated peptide ions of unresolved
m/z. In the amplified region of m/z 1300–1400, there is a
distinct difference in the noise level between the wide
range isolation mass spectrum and the IRMPD mass
spectrum (Figure 1a and b).
Similar increases in the abundances of the lower
charge states of cytochrome c were observed upon
supplemental IR irradiation as shown in the wide-range
isolation and IR activation mass spectra in Figure 2a
and b. The abundances of the 8 through 10 charge
states of cytochrome c increased by 39%–55% upon IR
irradiation. The peak areas of the 13 through 15
charge states only exhibited increases of 10%, and the
peak areas of the more highly charged cytochrome c
ions changed by less than 5%. IR irradiation also
effectively decreased the noise level above m/z 1600.
The TIC increased by 15% between the isolation and
the IR activation mass spectra, and this could be due to
dissociation of highly solvated ions that havem/z values
Figure 1. (a) Wide range isolation mass spectrum of m/z 400–
2000 (30 ms) and (b) supplemental IR activation mass spectrum
(30 ms, 25 W) of bradykinin (M). Both spectra are normalized to
the same intensity.that exceed the detectable mass range of the linear ion
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tories in the mass analyzer.
The effectiveness of IR activation to dissociate these
solvated ions was also compared with collisional acti-
vation. The wide-range isolation mass spectrum of
angiotensin I is shown in Figure 3a, in which ions of m/z
1400–2000 were isolated. Upon IR irradiation, the entire
noise region was drastically reduced in intensity, and
protonated angiotensin in the 1, 2, and 3 charge
states were observed (Figure 3b). In fact, the abun-
dances of the peptide ions were sufficiently high to
allow subsequent collision induced dissociation (CID)
MS3 experiments to confirm their identity (data not
shown). As shown in Figure 3c, collisional activation of
the range fromm/z 1450 to 1550 (centered onm/z 1500with
an activation window of 100 u) also resulted in a decrease
in the chemical noise of ions in resonance with the
auxiliary collisional activation waveform, but high levels
of noise remained above m/z 1575. (Collisional activation
waveforms could only be applied to activate ions within a
mass window of 100 u due to limitations of the instrument
software.) Collisional activation of m/z 1450–1550 pro-
duced low abundances of peptide ions but at signal levels
30 lower in intensity than obtained by the IR activation
process. As a more direct comparison between the effects
of IR irradiation and collisional activation of specific noise
regions, the narrow region from m/z 1900 to 2000 was
isolated after infusion of a solution containing bradykinin
(Supplemental Figure 1 a, which can be found in the
electronic version of this article). and either subsequently
irradiated or subjected to collisional activation. IR irradi-
ation yielded an intense signal of singly protonated bra-
dykinin (m/z 1060.3) while collisional activation produced
the same peptide ions at a 150 lower intensity (Supple-
Figure 2. (a) Wide range isolation mass spectrum of m/z 600–
2000 (50 ms) and (b) supplemental IR activation mass spectrum
(50 ms, 50 W) of cytochrome c. Both spectra are normalized to the
same intensity.mental Figure 1b and c).The temperature of the inlet heated capillary was
varied to provide more evidence that the source of
chemical noise in the ESI mass spectra was solvated
ions of unresolved m/z. For a solution containing
reserpine, the m/z region 1900–2000 was isolated and
subjected to 30 ms of IR irradiation to yield proton-
ated reserpine (m/z 609.7), and the peak area of this
ion was plotted versus heated capillary temperature
(Figure 4). As a control, the peak area of protonated
reserpine in the ESI mass spectra without isolation or
IR activation was also plotted. At low capillary
temperatures, IR activation of m/z 1900–2000 at
120 °C yielded the highest abundance of protonated
reserpine, corresponding to significant IR desolvation
of a large population of solvated ions. As the capil-
lary temperature was increased, the abundance of
protonated reserpine produced upon IR activation
decreased, in accordance with the existence of a
smaller population of solvated ions due to more
efficient desolvation of the ions exiting the ESI cap-
illary. In the absence of IR activation, the abun-
dance of protonated reserpine in the ESI mass
spectra increased with higher inlet capillary temper-
atures, indicative of the disruption of more of the
solvent clusters and their conversion into desolvated
reserpine.
The abundance of various bradykinin peptide ions
produced upon IR activation was also monitored as a
function of the m/zwindow isolated and irradiated, rang-
ing from m/z 1100–1200 to m/z 1900–2000. IR activation
of the m/z region just above that of protonated brady-
kinin (m/z 1060.3) yielded the highest abundances of
Figure 3. (a) Wide range isolation mass spectrum of m/z 1400–
2000 (30 ms), (b) supplemental IR activation mass spectrum (30
ms, 50 W), and (c) collisional activation mass spectrum (30 ms,
100% normalized collision energy) of angiotensin I (M). Only ions
of m/z 1450–1550 were activated in the collisional activation mass
spectrum (range indicated with double-headed arrow) while all
ions of m/z 1400–2000 were isolated. All spectra are normalized to
the same intensity.
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bradykinin (Supplemental Figure 2). As the isolation
window increased from m/z 1100–1200 to m/z 1900–
2000, the abundance of the peptide cations produced
upon supplemental IR activation decreased, thus sug-
gesting that the greatest portion of the chemical noise
consists of bradykinin ions solvated by only a few
solvent molecules with m/z values just above that of the
protonated peptide, as opposed to large clusters of
bradykinin ions surrounded by dozens of solvent mol-
ecules resulting in “noise” ions of much higher m/z. IR
and collisional activation of an m/z region between that
of the 1 and 2 charge states of fibrinopeptide A
produced both the singly and doubly protonated pep-
tide, which suggests that charged solvent clusters also
solvate the peptides (see Supplemental Figure 3). Sup-
plemental activation of this noise region also yielded
stable hydrated forms of the peptide—up to six water
molecule adducts were observed. The efficiency of
converting noise into analyte ions, defined as the sum of
the peak areas of the bradykinin ions produced by
supplemental IR activation divided by the total area of
the noise region in the isolation mass spectra, was also
measured as a function of the m/z isolation and irradi-
ation window (Supplemental Figure 2). Although the
total abundance of bradykinin produced upon IR irra-
diation decreases with higher m/zwindows, the conver-
sion of chemical noise into bradykinin ions remains
relatively constant at 19.8%  2.1% averaged across the
m/z isolation and irradiation windows, suggesting that
at least 20% of the chemical noise is composed of
Figure 4. Plot of [M  H] peak areas in the ESI mass spectra
(black squares, [filled square]) and upon IR irradiation (30 ms, 50
W) of m/z 1900-2000 (gray circles, [filled circle]) as a function of
heated inlet capillary temperature when infusing a sample of
reserpine (1 M in MeOH). Ions of m/z 1900–2000 were subjected
to IR irradiation and the abundance of the [M  H] product ion
was calculated. Data were acquired in triplicate; reserpine is
represented by M.solvated analyte ions.At the high standard operating pressures of QITs,
low power IR irradiation does not result in dissociation
of covalent bonds of most analyte ions due to a near
equivalent rate of ion activation through photon ab-
sorption and collisional cooling with the buffer gas [16].
The non-resonant nature of IR activation provides an
inherent advantage over collisional activation in that all
ions in the trap are simultaneously irradiated by the
laser beam and thus effectively desolvated. It has been
previously shown that broadband auxiliary waveforms
can be used to heat a wider range of ions for successful
noise reduction [8], a procedure that is not feasible on
the current generation of commercial quadrupole ion
traps.
Conclusions
Chemical noise in ESI mass spectra was reduced by
low power supplemental IR activation and produced
protonated analyte ions. IR irradiation increased the
abundances of protonated peptides and proteins by
30%–70% upon isolation and irradiation of a wide m/z
range. Regions of chemical noise were drastically
reduced upon IR irradiation and produced higher
abundances of protonated analyte ions than colli-
sional activation due to the non-resonant activation
nature of photoabsorption. We speculate that sol-
vated analyte ions and solvent-analyte clusters con-
stitute a large portion of the chemical noise. Further
application of supplemental IR activation in linear
QITs before ion ejection or tandem MS could be used
to reduce noise and increase analyte ion signal,
particularly for LC-MS analyses in which survival of
a higher abundance of solvated ions is expected.
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